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gradually die down ; but if the effect of the included forces be to render the complete value of tc negative, vibrations tend on the contrary to increase. The only case in which according to (1) a steady vibration is possible, is when the complete value of « is zero. If this condition be satisfied, a vibration of any amplitude is permanently maintained.
When K is negative, so that small vibrations tend to increase, a point is of course soon reached after which the approximate equations cease to be applicable. We may form an idea of the state of things which then arises by adding to equation (1) a term proportional to a higher power of the velocity. Let us take
in which K and K' are supposed to be small. The approximate solution of (2) is
tc'nA3 6 = A smnt-i — ^- cos3?zi, ........................ (3)
iji
in which A is given by
/c + f/eW=0 .............................. (4)
From (4) we see that no steady vibration is possible unless K and K have different signs. If K and K' bo both positive, the vibration in all cases dies down; while if K and K be both .negative, the vibration (according to (2)) increases without limit. If K be negative and K' positive, the vibration becomes steady and assumes the amplitude determined by (4). A smaller vibration increases up to this point, and a larger vibration falls down to it. If, on the other hand, K be positive, while tc is negative, the steady vibration abstractedly possible is unstable, a departure in either direction from the amplitude given by (4) tending always to increase.
Of the second class the vibrations commonly known as forced have the first claim upon our attention. The theory of these vibrations has long been well understood, and depends upon the solution of the differential equation formed by writing as the right-hand member of (1) Pcospt in place of zero. The period of steady vibration is coincident with that of the force, and independent of the natural period of vibration ; but the amplitude of vibration is greatly increased by a near agreement between the two periods. In all cases the amplitude is definite and is proportional to the magnitude of the impressed force. When the force, though strictly periodic, is not of the simple harmonic type, vibrations may be maintained by its operation whose period is a submultiple of the principal period.
There is also another kind of maintained vibration which from one point of view may be considered to be forced, inasmuch as the period is imposed from without, but which differs from the kind just referred to in that the imposed periodic variations do not tend directly to displace the body from, its configuration of equilibrium. Probably the best-known example of this kindasurements. A thermometer placed between the prongs gave the temperature with fair accuracy.
